SSME "~ “ACIL
REDUNDAI. .7 SCREEN

Campanent Group: Fropellart ¥alves Praparad: P. Lawrd
CIL ttbem: D110-401 Approved: T. Nguyemnm
Camponeni: Fuel Elead Wahma Approval Data: Granea
Parl Mumber. RSIBISE Chanpge & 1
Falilura Mode: Erovs lenkapa. CH vec tiwe #; CCED MEX-1-5276
Paga: 1afF1
Criticalfy
Fhass Fallure [ ENect Description Hazard Relerznca
ShAC High prassie tg fiml intedas; roptanm oF vahicls fuel bleed ducl; overpressurization of akt compatmmst. Loss of vehicls, 1
a1 ME-575

Fedundancy Screens: SINGLE FOINT FAILLURE: K.
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S5ME FMEA/CIL

DESIGN
Componant Sraup: Propallani Valves Pmparad: P. Lowrknore
CiL Ham: nxonai Approved: T. Mouyen
Componenl: Fusl| Bsed Yatve Appravs| Data: Bi3059%
Part Number: RSOCAYSS Ghanged: 1
Fatlure Moda: Grosa leakage. Diiretive A: CCRD MEI-Q1-5735

Paga: {1ef2

Design f Documenl Reference

FAILURE CAUSE: A: Poppet orasat fractursd/damapad.

THE FUEL BtEED VALVE {1), POPPET {2), AND BODY (3} [SEAT) ARE HEAT TREATED |NCONEL 718. THE MATERIAL WAS SELECTED FOR ITS STRENGTH AND DUGTILITY AT
CRYQGEMG TEMPERATURE. INCONEL 714 IS GORROSION RESISTANT, RESISTANT TO STRESS CORROSION CRACKING {4), AND IS RESISTANT TO HEE AT THE NEAR -400F
DPERATING TEMPERATURE. THE BEALING FACES OF THE POPPET AND HOUSING ARE TUNGSTEN CARBIDE HARDFAGE (2113, HARDFAGE BONDING IS ENSURED BY THERMAL
SHOCK TEST AND GRMNDING {5).

{1} RS00B0EG, (2y RSOOE232; (3) RS002EAT; (4} RE3-B5A2; (5) RAOSOD-01S
FAILURE CAUSE: B:Weld 4 {relaimarpogpei] failure.

THE RETAINER (1) AND FOFPET {2} ARE HEAT TREATED IMCONEL 714, THE MATERIAL WAS CHOSEM FOR ITS STRENGTH, DUCTILITY, 'WELDABRILITY, AND RESISTANCE TO
CORROSICH AND STRESS CORROSION CRACKING (3), AND 1S RESISTANT TO HEE AT THE MEAR -400F DPERATING TEMPERATURE. THE WELD IS A CLASS 18 E B WELD (1), THE
RETAINER BUTTS UF AGAINST A SHOULDER IN THE POFPET FOR ADDED SUFPORT (1) i

{1y REOQEXAE (I REOOAZEZ; (1) REE 8632

FAILURE CAMSE: C:Conlamination.

THE FUEL BLEED VALVE DETAIL PARTS, TEST FIXTLRES, AND TEST FLUNDS IMEET THE CLEAN REQUIREMENTS FOR LO0X SERVICE PRICE 1O ASSENMBLY AMND TEST113(2). THE
FISTON ASSEMELY HAS 4 TEFLON SLEFVE TO PREVENT METAL-TO-METAL RUBBING AND PARTICLE GEMERATICH [2). THE SURFACE FINISH OF THE TEFLOH SLEEVE ARD HOUSIMNG
FREVENT WEAR AMND PARTICLE (SENERATION (¢}, THE LARGE POPPET STROKE |.225 IMCHES {2)} PREVENTS TRAPFING PARTICGLES BETWEEK THE FORPET AMND SEAT DURINSG
FLOWS

{1) REQ0AGSE, (2) RLOMYS, (3] RSMDSE; (4) REpaS507
FAILURE CALSE: D: Bop scraw locsarm.
THE SCREVWS ARE TORQLUED MTO SELF-LOCKING HELMCOML INSERTS. THE DRAWING SPECIFIES & MIKKIUM RUMNNING TOROUE AMD THE FINAL TOROLE 1. THE WaLVE IS OPEN

ChLY DURIMNG PROPELLANT CONDITIONING WHEN THERE ARE NQ VIBRATION LOADS T4 LOOSEM THE SCREWS, DURING ENGINE DPERATION, WHEN THE WALVE IS EXPOSED T
WIBRATION, THE WAL VE |15 CLOSED AND THE SGREW LOALD 15 MINILUKW WHICH MINFAIZES THE CHAMCE OF A SCREW LODSENING.

(1) REODROES
FAILURE CAUSE: E: Plabon getzure or binding.

THE BLFED WYALVE PISTOHN (1) 15 GUIDED BY & TEFLON SLEEVE. THE SLEEVE PREVENTS METAL-TG-METAL RLBSING BE TWEEM THE PISTON AND THE HOLUSING 7] AND MRETALLIC
PARTICLE GEMERATICN. THE TEFLON ALSO RECHICES FRICTION. THE TEFLCH IS COMPATIELE WITH ITS EXPOSURE MEDA, AND CALSES NO FROBLEM WHEN I INTIMATE
CONTACT YATH METALLIC GOMPONENTS 13). IN THE EVENT THAT METAL PARTICLES FROM ANDTHER SOURCE GET INTO THE PISTONHOUSING INTERFACE, THE FARTICLER
BECOME IMBEDDED IN THE TEFLON SLEEVE. THIS ALEQ PREVENTS GALLING BETWEEN THE PISTON AND HOUISING ANG PREVENTS BINDING OR SEIZURE  THE SURFACE FIMISHES
OF THE HOUSIHG (23 AND PISTON {1} ASSEMBLY ARE SELECTED TO PREVENT EXCESSIVE WEAR. ALL INTERMAL COMPONENTS ARE CLESNED T2 PROPELLANT SERVIGE
REQUIREMENTS (4). THE VALVE IS ASSEMBLEER IN A CONTAMINATICN CONTROLLED ENVIRCINIVENT (5).

(7} RE002503; (Z) REDMISOT, (3} RES-B582. () RL10GO1; (5) ROOY1 1.500
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iU [IT[*H Fropellant valvas FPrepargd: P. LrrHm
CiL fem: D327007 Approved: T. Hguye:
Componenc Fuel Bleed Yalve Approrval Dale: ar1hcy
Fart Numnbes: RE0M205E Chenge #: 1
Falure Moda; Gross leakage, Direciiva 4: CCED ME3-11.522%
Faga: 2of 2
Dasign [ Docurnend Refarence

FAILURE CAUSE: ALL CAUSES

HIGH CYCLE AND L OW CYCLE FATIGUE LIFE OF THE BLEED VALVE MEETS CE| REQUIREMENTS (1], THE MINIMUM FACTORS OF SAFETY FOR THE BLEED VALVE MEET CEl
REUUIREMENTS {2). THE FBY COMPONENTS VWERE CLEARED FOR FRACTURE MECHANICS/NDE FLAYW GROVITH, SINCE THEY ARE NOT FRACTURE CRITICA| BaRTS {3). TABLE D240
LISTS ALL THE FMEA/CIL WELDS AND JOENTIFIES THOSE WELDS INWHICH THE CRITICAL INITIAL FLAW SIZE 1S NOT DETECTABLE, AND THOSE WELDS N WHIGH THE ROOT SIDE IS
not AECESSIBLE FOR INSPECTION. THESE WELDS HAVE BEEN ASSESSED AS ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (4). THE BLEED VALVE HAS GOMPLET EQ DESIGN
YERIFICATION TESTING (5}, INGLUIDING VIBRATION (8}, AND ENGURAHCE TESTING (7).

(1} RLOI53Z, GPIZOROO03B; (2) RS5-8546 CPIZ0RDO0ZE; (3] MASA TASK U7 [4) RESASE: (5 DVS-S3ME-51E; {6} R33-51621; (T) RSS-515-17
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SSME FMEAICIL
INSPECTION AND TEST

Componenl Growp:  Propellam Yalvos Prepared: P. Lowrihore
Il Ham: D2 1003 Approved:; T. Houyen
Component: Fuel Blead Valve Approval Date: 6730435
Part Numhber: REONROSH Charge #: 1 :
Fallure Mode: Groas leakaga. Directive #: CCBD WEI.01.5225
Paga: 1of 2
Failwa Canses Sighihcent Charactenstics Inspactionis] F Tesi(s) Dazumanl Referspos
A BLEED YWALYE RE003056
POPPET R3008282
BOOY RSDDEE0F
MATERIAL INTESRITY MATERIAL INTEGRITY IS VERIFIED PER [IRAWING REDQUIREMEMTS RSO0AZA2
RSO0G557
HARDFACING IS VERIFIED PER DRAWING AND SPRECIFICATION REQUIREMENTS phdw iy el b
RECO95a7
- ADHESION I8 VERIFIED BY THERMAL SHOCK TEST PER SFECIEICATION, BA 1608048
- CDA'I:ING INTEGRITY IS VERIFIED BY D'YE PENETRANT IMSFECTION PER EPECIFICATION, Ra0115476
HEAT TREAT IS VERIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS. R5008232
) REO0S5AT
B POPPET " RSmOB282
RETANMER REDOB284
MATERIAL INTEGRITY MATERIL INTESRITY 1S VERIFIED FER DRAWING REQUIREMENTS. R 5006232
RESO0B2A5
HEAT TREAT IZ VERIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS, R5008242
REA0E2AG
RAJE 1020
WELLD INTEGRITY WELD SAMFLES MADE PRIOR TC FRODUC TION WELD VERIFY £8. WELD PARAMETERS. RAQELT 094
ALLWELDE ARE INSPECTED TO DRAWING AND SPECIFICATION REQUIRENMENTS FER WELD RL10011
CLASS. INSFECTIONS INCLUDE: VISULL, DTAENSIONAL, PFEMETRANT, RADIOE RARHIZ, RAOEN7-0M
LLTRASONIC, AND FILLER WMATERIAL, AS APPUCAELE. RAad{ 15116
FAQT 15008
RAX 15127
RA 11150
& E  PaPRET RS0ne282
BODY RSO0080T
KMATERLAL INTEGRITY MATERIAL INTEGRAITY 15 VERIFIED PER DRAWING REOUIREMENTS.
CLEANLINESS COMPONENTS ARE GLEANED FOR QX YBEN/FUEL SERYICE FER SPECIFICATION RECUIREMENTS. ASoasses
REDUIREMEMNTS RSM980T
RAL1GD01
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el LLIVTTN rioapgiaiil valves Y Ared . Lowrirpe
CIL Mom: O20.04 Approwved: T. Hguye
Coamiprd N Fuel Blad Valva Approval Date: 8130/99
Fart Humber: REODA0GS Change 1
Fallura Moda: Groxa lesakage. Cirecthes #: CCBAD MEZ.O01-5226
Payge: Zal 2
Faikira Celreay Slanificant Characterslics Inspecthanis} ! Tesi(s) Decament Referenge
O STOF SCREVY RUNMING RUNNING TCROLE OF THE STOR SCREW (8 VERIFIED DURINE ASTEMBLY, RSD0E056
TORAUE
ALL CAUSES ASSEMALY INTEGRITY SURFACE FIMIZH OF THE FOPPET OO0 AND THE BODY BORE ARE INSFECTED PER DRAWING HEUU&EEE__ T
REQUIREMENTS. R 5000507
ASSEMBLY AND FUNCTIONAL TEST VERIFY VALVE OPERATION AND COMPONENT INTEGR(TY RLD00G4
FBY SEAT LEAKAGE TEST PRHIR TO EAGH FLIGHT VERIFIES FOPPET &WDO SEAT [MTEGRITY, {LAST  OIMRSD WM1B00050
TEST)

Fallure Histony: Comprehanshe failure history dala is maktained in the Problam Reporting database (PRAFASIPRACAH)
Reterance: MASA lelter BAD AL and Rockeldyne kiter BARCOI AT,
Operathong! Lige: Mot Aoplicabta
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SAICIL

WELD . JINTS

Component Group:  Propallant Valves Prepared; P, Lowrlmon
CIL Ham: el & pprovad: T. Nguyen
Component: Fuid Blesd Valve Bpproval Dale:  g/30198
Fart Numher: R300B055 Change #: 1
Dkectiva #: CCBD ME301.522¢
Page: 1of 1
Critizal tritial
Ropt  Flaw Skem Mot
Gide Mot Oeteciable
Carmpanent Basic FPart N umbar Weld Numbar Wald Type  Clays Access HCF LCF SOmments
FUEL BLEED VALVE RS008055 1 EBw h x X X
FLEL BLEED VALWE RE0O40548 z EBW ] X
FUEL BLEED VALWE RSO0EMEE 4 EBwy 1) X
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SSME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Component Grep Propsllamt Vakas Prapared: P. Lowrmgre
Itern Nama: Fuel Blasd Yalve Approart: T. Hguyen
Itern Humbmr: D10 Approval Dabe Ak LT
Patt Yumbar: REG0HE] 56 Chatiga 4; 1
Directive §: CCB0 MES.NM 5228
Page: tof 1
Baae Line Palipnals Varfance Change Rationala Wasiam Dash Numbes
i, DZ10404 ARMATURE S0OME ARMATURE EXTENSIONS INCONEL 718 CAN BECSOME FERROMAGNE TIC AT LIQUIC HY DROGEM -LE -, 051 -
EXTEMNSION MATERIAL ARE FABRICATED FROM TEMPERATURES RESULTING 1M ERRCGNECUS POSITION FEEDBADTIK SICHAL. QEq, 07, -101
INTEGRITY 15 VERIFIED PER iINCONEL T18. INCONEL 625 DOES NQT EXHIBIT THIS FERROMAGMETIC TEMDENCY.
CRAVWING REQUIREMENTS
{IHCONEL 625, ECP 1008), LISE AS |5 RATIONALE:
1. ALL INCO 718 MATERIAL LOTS USED FOR FLIGHT ARMATURE EXTEMSIONS
HAWE BEEN SAMILE TESTED. ARMATIIRE EXTEMSIONS FABRICATED FROM
LOTS OF INCO 712 WHICH HAVE EXHIEITED HIGH SUSCEPTABILITY TO LOW
TEMPERATURE INDUCED FERROMAGHETWITY HAYE BEEN ICENTIFIED AND
ARE PRCHIBITEDR FROM LUSE OMFUEL BLEED VALVES PER DAR 2251, [UCR
ADDYTETY
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